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(54) Automatic survey Instrument 

(57) The present invention provides an automatic 
survey instrument, which comprises an objective lens 
(5), a focusing lens (6), and optical means positioned 
between the objective lens and the focusing lens, all of 
the components being arranged on an optical axis (O) 
wherein the optical means comprises a first reflection 



surface (24) at least for transmitting light of a first pre- 
determined wavelength and a second reflection surface 
(25) at least for transmitting light of a second predeter- 
mined wavelength, and reflection light from the first re- 
flection surface (24) reaches the second reflection sur- 
face and reflection light from the second reflection sur- 
face (25) runs perpendicularly to the optical axis (O). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an automatic 
survey instrument, and in particular, to an automatic sur- 
vey instrument provided with a telescopic optical sys- 
tem, which can divide reflection light to tracking light, 
range-finding light and visible light. 
[0002] Fig. 2 shows an essential portion of an auto- 
matic survey instrument. Similarly to a general type sur- 
vey instrument, the automatic survey instrument com- 
prises a leveling unit 1 mounted on a tripod, a base unit 
2 mounted on the leveling unit 1 , a frame unit 3 mounted 
rotatably around the vertical axis on the base unit 2, and 
a telescope unit 4 mounted rotatably around the hori- 
zontal axis on the frame unit 3. Further, in the automatic 
survey instrument, the frame unit 3 and the telescope 
unit 4 are rotated and driven by a built-in motor (not 
shown), and these components can be operated re- 
motely or automatically. 

[0003] The telescope unit 4 comprises an optical sys- 
tem, which projects measuring light and receives reflec- 
tion light from a target object. Gollimation is performed 
on the target object based on the received reflection 
light, and there are provided tracking means for detect- 
ing and tracking the target object and range-finding 
means for measuring distance to the target object. 
[0004] The measuring light projected from the tele- 
scope unit 4 is reflected by a mirror installed on the tar- 
get object. By receiving the reflected light, the surveyor 
performs collimation of the target object using the sur- 
vey instrument or measures the distance or performs 
automatic tracking of the target object. 
[0005] In the survey instrument for automatically 
tracking the target object as described above, the pro- 
jected measuring light contains the light components of 
different wavelengths for tracking or for range-finding. 
The reflection light reflected by the target object and re- 
ceived is divided, depending on the purpose, to light 
components with different wavelengths such as the light 
fortracking, range-finding and the visible light. Usingthe 
range-finding light and the tracking light thus divided, 
range-finding and automatic tracking can be performed. 
The division or separation of light components with dif- 
ferent wavelengths is accomplished by optica! means, 
whrch is arranged on an optical path of the optical sys- 
tem of the telescope unit 4. As the optical means for di- 
viding the light components to a plurality of wavelengths, 
a dichroic prism is widely used. 
[0006] Now, referring to Fig. 3, description will be giv- 
en on an optical system of a conventional type automatic 
survey instrument having optical means for dividing the 
light components to the components with three different 
wavelengths. 

[0007] This optical system comprises an objective 
lens 5. a focusing lens 6, an erect prism 7, a focusing 
mirror 8, and an ocular lens 9. A dichroic prism 10 serv- 



ing as the optical means is arranged between the ob- 
jective lens 5 and the focusing lens 6. Further, a reflec- 
tion mirror 1 1 for projecting the tracking light Is arranged 
between the objective lens 5 and the dichroic prism 10. 

5 [0008] The focusing lens 6 is arranged in such man- 
ner that it can be moved along the optical axis O. The 
laser beam entering through the objective lens 5 is con- 
verged to form an image on the focusing mirror 8. The 
image formed on the focusing mirror 8 is tumed to an 

10 erect image by the erect prism 7. The focusing mirror 8 
has a scale to catch the target object at the center of 
collimation, and the ocular lens 9 forms an image of the 
target object formed on the focusing mirror 8 on a retina 
of the surveyor together with the scale. On the reflection 

15 light optical axis of the reflection mirror 11. a tracking 
optical system (not shown) is disposed, and the laser 
beam of the tracking light is projected toward the target 
object via the reflection mirror 11 . 
[0009] The dichroic prism 1 0 comprises a first dichroic 

20 mirror surface 15 and a second dichroic mirror surface 
16 to traverse the optical path. A tracking light receiving 
unit (not shown) is arranged at a position opposite to the 
first dichroic mirror surface 15, and a receiving/emitting 
light dividing mirror 17 of the range-finding optical sys- 

25 tem is arranged at a position opposite to the second di- 
chroic mirror surface 16. The range-finding optical sys- 
tem projects laser beam for range-finding toward the tar- 
get object via the receiving/emitting light dividing min-or 
17, and receives the reflection laser beam for range- 

30 finding via the receiving/emitting light dividing mirror 1 7. 
[0010] As described above, the projected measuring 
light contains light components with different wave- 
lengths for tracking and range-finding. The following 
light components with different wavelengths are used: 

35 visible light with wavelength of 400 nm to 650 nm is used 
for collimation, infrared light with wavelength of 650 nm 
is used for tracking, and infrared light with wavelength 
of 800 nm is used for range- finding. 
[001 1] When the reflection light enters through the ob- 

40 jective lens 5, tracking reflection light is reflected by the 
first dichroic mirror surface 15, and the tracking light is 
separated from the light component for range-finding 
and from the visible light. The tracking light receiving 
unit receives the tracking reflection light. Based on the 

45 result of light receiving, a control unit (not shown) of a 
main unit of the automatic survey instrument drives the 
motor and automatically adjusts a posture of the instru- 
ment so that the target object comes to the center of 
collimation of the survey instrument. 

50 [0012] After the laser beam passes through the first 
dichroic mirror surface 15. the range-finding light is fur- 
ther reflected by the second dichroic mirror surface 16, 
and the range-finding light and the visible light are sep- 
arated from each other The separated range-finding 

55 light is received by the range-finding optical system, and 
the distance is measured. After passing through the sec- 
ond dichroic mirror surface 16, the visible light is ob- 
served by the surveyor via the ocular lens 9, and colli- 
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mation at the installation of the automatic survey instru- 
ment and collimation at the measurement are per- 
formed. 

[001 3] The conventional type automatic survey instru- 
ment as described above is designed in such manner 
that the dichroic prism 10 for dividing light components 
to visible light, tracking light and range-finding light se- 
quentially divides the incident reflection light compo- 
nents with different wavelengths on optical axis of the 
telescope unit 4 to tracking reflection light, range-finding 
reflection light and visible light. The dichroic prism 10 
must have the first dichroic mirror surface 15 and the 
second dichroic mirror surface 1 6, which have such size 
as necessary for receiving the luminous flux which has 
passed through the objective tens and must be of such 
length as to reflect the tracking reflection light and the 
range-finding reflection light respectively. For this rea- 
son, the dichroic prism 10 must be necessarily of con- 
siderable size. A large dichroic prism 10 is expensive, 
and it also requires the telescope unit 4 of larger size. 
When the telescope unit 4 is designed in larger size, a 
part of the electrical circuits of electrical system and 
range-finding system must be disposed on the frame 
unit, and this leads to the problem that the survey instru- 
ment itself becomes larger and heavier. The increase of 
weight results in^ the increase of power consumption for 
driving, and additional power supply must be provided. 
[0014] Further, the first dichroic mirror surface 15 of 
the dichroic prisni 10 separates only a part of infrared 
light among the infrared light and visible light, and an 
optical membrane generated on the first dichroic mirror 
surface 15 must have complicated structure and re- 
quires higher cost. 



face is a dichroic mirror and transmits at least light with 
one infrared wavelength. Further, in the automatic sur- 
vey instrument of the present invention, the first reflec- 
tion surface of the dichroic mirror transmits light with 

s wavelength of 400 nm to 650 nm and reflects light with 
wavelength of 650 nm to 850 nm, and the second re- 
flection surface reflects light with wavelength of 650 nm 
to 720 nm and transmits light with wavelength of 720 nm 
to 850 nm, and among a plurality of reflection surfaces 

10 for dividing incident light having a plurality of wave- 
lengths to light components with a plurality of wave- 
lengths, only one reflection surface is positioned on the 
optical axis, and this reduces the length in the direction 
of optical axis and contributes to compact design of the 

IS optical means and controls attenuation rate of visible 
light to tow level because visible light passes through 
only one reflection surface. 



20 



25 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Fig. 1 is a drawing to show an arrangement of es- 
sential components of an embodiment of the 
present invention; 

Fig. 2 is a perspective view of an essential portion 
of an automatic survey instrument for executing the 
present invention; and 

Fig. 3 is a drawing to show an arrangement of es- 
sential components of a conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



SUMMARY OF THE INVENTION 

[001 5] To solve the above problems, it is an object of 
the present invention to achieve optical means in small 
size for dividing incident light to light components with 
drfferent wavelengths, to simplify the optical membrane 
generated on the reflection surface of the optical means, 
and to reduce cost for the optical means and to design 
the automatic sur\/ey instrument in compact size. 
[001 6] The automatic sun/ey instrument according to 
the present Invention comprises an objective lens, a fo- 
cusing lens, and an optical means positioned between 
the objective lens and the focusing lens, all of the com- 
ponents being arranged on optical axis, wherein the op- 
tical means comprises a first reflection surface at least 
for transmitting visible tight and a second reflection sur- 
face at least for transmitting light with a predetermined 
wavelength, and reflection light from the flrst reflection 
surface reaches the second reflection surface and re- 
flection light from the second reflection surface runs per- 
pendicularly to the optical axis. Further, In the automata 
survey instrument according to the present invention, 
the flrst reflection surface is a dichroic mirror and trans- 
mits at least visible light, and the second reflection sur- 



35 [001 8] In the following, description will be given on an 
embodiment of the present invention referring to the at- 
tached drawings. 

[0019] In Fig. 1, the same component as in Fig. 3 is 
referred by the same symbol, and detailed description 

40 is not given here. 

[0020] On an optical axis O, an objective lens 5, a fo- 
cusing tens 6. an erect prism 7, a focusing mirror 8, and 
an ocular lens 9 are arranged in this order, and optical 
means, or more preferably a dichroic prism 20, is ar- 

45 ranged between the objective lens and the focusing lens 
6. 

[0021] The dichroic prism 20 comprises wedge type 
prisms 22 and 23 attached on opposing surfaces of a 
pentagonal prism 21 so that a flrst dichroic mirror sur- 

50 face 24 and a second dichroic mirror surface 25 are ford. 
[0022] Among incident reflection tight components, 
the first dichroic mirror surface 24 transmits visible light 
and reflects infrared light. The second dichroic mirror 
surface 25 transmits range-finding light and reflects 

55 tracking light. On the optical axis of the reflect'ion light 
of the flrst dichroic mirror surface 24, a range-finding op- 
tical system (not shown) is provided, and a tracking light 
receiving unit (not shown) Is provided on the optical axis 
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of the reflect'ton light of the second dichroic mirror sur- 
face 25. A tracking light emitter (not shown) is arranged 
on the tracking light receiving unit side. In the figure, ref- 
erence numeral 26 represents a receiving/emitting light 
divkjing mirror, and it is arranged in transverse direction 
so that it can divide luminous flux to a directbn perpen- 
dicular to paper surface. 

[0023] The first dichrok: mirror surface transmits visi- 
ble light with wavelength of 400 nm to 650 nm, for ex- 
ample, and reflects the light with wavelength of 650 nm 
to 850 nm. The second dichroic mirror surface reflects 
light with wavelength of 650 nm to 720 nm and transmits 
light with wavelength of 720 nm to 850 nm. 
[0024] In the following, description will be given on an 
operation. 

[0025] When the reflection measuring light reflected 
by a target object enters through the objective lens 5, 
Infrared light components, i.e., tracking reflection light 
and range-finding reflection light, are reflected by the 
first dichroic mirror surface 24, and visible light passes 
through the mirror surface. The visible It thus passing 
through forms an image on the focusing mirror 8 by 
means of the focusing lens 6. Then, the image is formed 
again on an retina of a surveyor together with the scale 
of the focusing mirror 8, and coHimatran is performed. 
[0026] On the second dichroic mirror surface 25, be- 
tween the infrared light components reflected by the first 
dichroic mirror surface 24, the tracking light is reflected 
and the range-finding light is transmitted. The tracking 
reflection light is projected through the pentagonal prism 
21 in a direction perpendicular to the optical axis O and 
it is received at the tracking light receiving unit. Based 
on the results of light receiving at the tracking light re- 
ceiving unit, a posture of the automatic survey instru- 
ment is automatically adjusted so that the target object 
comes to the center of collimation of the survey instru- 
ment as already described. After passing through the 
second dichroic mirror surface 25, the range-finding re- 
flection light is received by a range-finding optical sys- 
tem (not shown), and the distance is measured. The op- 
tical axis O and the reflection light optical axis of the sec- 
ond dichroic mirror surface 25 may be or may not be on 
the same plane. 

[0027] Because both the first dichroic mirror surface 
24 and the second dichroic mirror surface 25 are de- 
signed in such manner that the light is divided to two 
components at a predetermined wavelength, an optical 
membrane formed' is simple and available at low cost. 
Further, the dichroic mirror surface transmits light by se- 
lecting wavelength and reflects light components with 
the wavelength other than the selected wavelength, but 
it does not transmit the light completely. Therefore, in 
case light passes through the dichroic mirror surface by 
two or more times, light quantity of transmitting light 
beam is reduced because of high attenuation effect, in 
the present invention, visible light passes through the 
first dichroic mirror surface 24 only once. This means 
that light with sufficient light quantity passes through. 



and precise collimation can be accomplished. 
[0028] The dichroic mirror surface arranged on the 
optical axis may be only the first dichroic mirror surface 
24. and the second dk:hroic mirror surface 25 is ar- 

s ranged at a position deviated from the optical axis O. 
This means that the dimension of the dichroic prism 20 
in the direction of the optical axis becomes shorter. Ac- 
cordingly, by disposing the dichroic prism 20 at a posi- 
tion closer to the focusing lens 6. it Is possible to in- 

10 crease the distance between the dichroic prism 20 and 
the objective lens 5. This makes it possible to reduce 
diameter of luminous flux of the laser beam entering the 
dichroic prism 20 and to design the dichrorc prism 20 in 
more compact size. 

IS [0029] Because the dichroic prism can be designed 
in compact size, manufacturing cost can be reduced, 
and a space large enough to accommodate electrical 
circuits for tracking system and range-finding system 
can be kept in the telescope unit side, and this contrib- 

20 utes to compact and lightweight design of the entire au- 
tomatic survey instrument. Further, attenuation of visible 
light can be controlled to low level, and this is helpful to 
the precise performance for collimation and to improve- 
ment of working efficiency. 

^5 

Claims 

1 . An automatic survey instrument, comprising an ob- 
30 jectlve lens (5) and a focusing lens (6) with an op- 
tical means positioned therebetween; character- 
ised in that the optical means includes a first reflec- 
tion surface (24) for transmitting light with a first pre- 
determined wavelength: and a second reflection 

35 surface (25) for transmitting light with a second pre- 
determined wavelength; in which the first and sec- 
ond reflection surfaces are arranged so that light re- 
flected from the first reflection surface (24) is inci- 
dent upon the second reflection surface (25). 

40 

2. An automatic survey instrument as claimed in claim 
1 in which the second reflection surface (25) is ar- 
ranged so that light is reflected therefrom perpen- 
dicular to the optical axis (O). 

45 

3. An automatic survey instrument as claimed in any 
one of the preceding claims in which the first (24) 
and/or second (25) reflection surfaces comprise di- 
chroic mirrors. 

so 

4. An automatic survey instrument as claimed in claim 
1 in which the first predetermined wavelength is a 
wavelength of visible light. 

55 5. An automatic survey instrument as claimed in claim 
4, in which the second reflection surface (25) is ar- 
ranged to transmit light including an infrared wave- 
length. 
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6. An automatic survey instrument as claimed in claim 
5 in which the first reflection surface (24) transmits 
light with a wavelength of 400 nm to 650 nm and 
reflects light with a wavelength of 650 nm to 850 
nm; and the second reflection surface (25) is ar- s 
ranged to reflect light with a wavelength ot 650 nm 

to 720 nm and transmit light with a wavelength of 
720 nm to 850 nm. 

7. An automatic survey instrument as claimed in any io 
one of the preceding claims In which only one of the 
flrst (24) and second (25) reflection surfaces is po- 
sitioned on the optical axis (O). 

8. An automatic survey instrument as claimed in any is 
one of the preceding claims in which the second re- 
flection surface (25) is arranged so that light reflect- 
ed therefrom has an optical axis different to the op- 
tical axis (O). 



9. An automatic survey instrument as claimed in any 
one of the preceding claims in which the first (24) 
and second (25) reflection surfaces are arranged 
so that visible light is incident only upon the first re- 
flection surface, and transmitted therethrough only 2S 



10. An automatic survey instrument as claimed in any 
one of the preceding claims in which there is further 
included a receiving/emitting mirror (26) arranged 30 
to receive light transmitted by the second reflection 
surface (25), the receiving/emitting mirror (26) ar- 
ranged in a direction transverse the reflected light. 
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FIG. 1 
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